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A論 文 内 容 要 旨         E 
This research aims to develop a Compton-PET hybrid camera that realizes simultaneous dual 
isotope imaging, contributing to the realization of new molecular imaging and innovative medical diagnostic 
technology. The following three items were set up for the objectives. 
1. Research of the scintillation properties for using the Compton-PET detector 
2. Designing the Compton-PET detector 
3. Fabrication of the prototype of Compton-PET hybrid camera detectors and the implementation of 
principle proof of simultaneous imaging of dual radioisotopes by using the 18F for PET and 111In for 
SPECT 
The experimental procedure for achieving the above-mentioned objectives is shown below: 
(1) At first, the characteristics of the newly developed scintillators coupled with various photosensors were 
evaluated. 
(2) Second, the design of Compton-PET detectors such as scintillator size, scintillator thickness, and readout 
circuit was determined. 
(3) Finally, fabrication of one pair of Compton-PET cameras and performing the principle proof using 18F 
and 111In. 
This thesis consists of 4 chapters.  
Chapter 1 is an introduction and describes the background and purpose of this research.  
Chapter 2 is a chapter on experimental methods. Descriptions of photodetectors used in combination with 
new scintillators, evaluation methods of scintillators, definition of terms of evaluation methods are described.  
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Chapter 3 is a chapter on experimental results and discussions. At first, scintillation properties were 
evaluated by reading a new scintillator Ce:Gd3Ga3Al2O12 (Ce:GGAG), Eu:SrI2, CeBr3 with a photomultiplier 
tube and an MPPC array. Eu:SrI2 showed the most excellent characteristics from the viewpoint of light output 
and energy resolution. Although CeBr3 showed the same amount of light output as Eu:SrI2, the output 
linearity and energy resolution of CeBr3 deteriorates compared to Ce:GGAG and Eu:SrI2. There are two 
reasons the output linearity and energy resolution deteriorated when CeBr3 is coupled with MPPC array. First 
reason is the recovery time of MPPC array. The recovery time constant of MPPC array was 11.0 ns, which is 
the same timescale as the decay time of CeBr3. It is suggested that the same timescale of recovery time of the 
MPPC and decay time of CeBr3 is the cause of deterioration of output linearity and energy resolution. Second 
reason is the mismatch between MPPC photon detection efficiency (PDE) and emission wavelength of CeBr3. 
The PDE of MPPC at the wavelength of around 370 nm, which is the peak emission wavelength of CeBr3, is 
less than 35%. It is the second reason why the output linearity and energy resolution of CeBr3 deteriorated 
when coupled with MPPC array. In PET measurement, if the decay time of the scintillator is long, it may 
become impossible to measure the data due to piling up of output signals under high counting rate 
environment. From the viewpoint of suppressing the pile-up of the waveform, Eu:SrI2 has a potential 
disadvantage for PET application. Next, Scintillator arrays were fabricated by determining the thickness and 
disposition of detectors from scattering probability and photoelectric absorption probability for gamma rays. 
In addition, we designed and fabricated a multi-channel signal processing circuit using a dynamic time-over-
threshold (dToT) type circuit. We fabricated detector prototype for Compton-PET hybrid camera assembling 
them (Figure 1). Finally, principle verification test of multi-tracer simultaneous imaging was carried out. To 
verify the principle, 111In and 18F were used. As the result, we succeeded in independently displaying 111In and 
18F by separating energy from data obtained by simultaneous imaging of multi tracers (Figure 2). The spatial 
resolution of the detector was evaluated by independently performing image reconstruction with a point 
source. 133Ba and 22Na were used as point radiation source. The spatial resolution of 2.6 mm for horizontal 
and 2.6 mm for vertical direction was obtained for PET measurement. The spatial resolution of 14.7 mm for 
horizontal and 15.3mm for vertical direction was obtained by using 133Ba. Similarly, the spatial resolution of 
12.0 mm for horizontal and 13.5 mm for vertical direction was obtained by using 22Na for Compton camera 
measurement. At last, lower energy tracer imaging and timing analysis were discussed. For expanding the 
energy range, the detection of lower-energy gamma-ray than 20 keV was required. For detection of lower-
energy gamma-ray, the scintillator that has a high light yield is preferable. Timing analysis suggests that the 
scintillator with fast decay time has advantages for obtaining true counts. 
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Figure 1 The fabricated Compton-PET detector prototype (left), Ce:GGAG array (center) and dToT 64ch read out board 
 
Figure 2 (a) The PET imaging result of simultaneous imaging test, (b) The Compton camera 
reconstruction image of simultaneous imaging test 
Chapter 4 is a chapter on the conclusion. For the motivation of realization of the novel molecular imaging 
and diagnosis technology by using the Compton-PET hybrid camera and its simultaneous dual isotope 
imaging, I studied for the following objectives: 
• Research of the scintillation properties for using the Compton-PET detector 
• Designing the Compton-PET detector 
• Fabrication of the prototype of Compton-PET hybrid camera detectors and implementation of 
principle proof of simultaneous imaging of dual radioisotopes by using 18F for PET and 111In for 
SPECT 
Based on the objectives described above, the main results of this thesis are summarized as follows: 
1. The scintillation properties of Ce:GGAG, Eu:SrI2 and CeBr3 coupled with various photodetectors 
 
(a) (b) 
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were evaluated. The scintillation properties of each scintillator are shown in Table 1. 
2. The prototype of Compton-PET detector using Ce:GGAG scintillator array was designed. 
Dedicated dynamic-ToT circuit for Compton-PET detector was designed and developed. 
3. An average energy resolution of 15.5% ±  1.3% was obtained by irradiation with 122 keV 
gamma-ray from 57Co. 
4. The prototype of Compton-PET detector was fabricated and successfully performed as the 
principle proof by using 18F for PET and 111In for SPECT. 
5. The spatial resolution as shown in Table 2 was obtained. The value of measurement result of 
spatial resolution matched with calculation value. 
6. For measuring the lower energy tracer precisely, high light yield and fast decay time scintillator 
such as CeBr3 is required. 
 
Table 1 Scintillation properties of the Ce:GGAG, Eu:SrI2 and CeBr3 coupled with various 
photodetectors 
 Coupled with PMT Coupled with MPPC 
 Ce:GGAG Eu:SrI2 CeBr3 Ce:GGAG Eu:SrI2 CeBr3 
Energy Resolution 
@ 122 keV 16.7 6.97 10.2 14.9 11.1 27.3 
Light Yield 
(photon/MeV) 56000 71000 72000 56000 71000 72000 
Decay time (ns) 150 1400 19 150 1400 19 
Density (g/cm
3
) 6.63 4.6 5.1 6.63 4.6 5.1 
 
Table 2 The spatial resolution of PET study and Compton camera study 
 PET (22Na) Compton camera (133Ba / 22Na) 
Horizontal 2.6 14.7 12.0 
Vertical 2.6 15.3 13.5 
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